ABSTRACT As black swallow-wort, Vincetoxicum nigrum L. Moench, and pale swallow-wort, V. rossicum (Kleopow) Barbar., spread throughout the northeastern United States and southern Canada, there is concern about the impact of these invasive plants on populations of the native North American monarch butterßy Danaus plexippus L. Recent laboratory studies in New York and Ontario, Canada, have found little or no oviposition by monarch butterßies on the two Vincetoxicum species. In Rhode Island, we found 10.5Ð21.7% oviposition on Vincetoxicum species relative to common milkweed Asclepias syriaca L. in choice tests and 11.9 Ð20.3% in no-choice tests in 2 yr of laboratory testing. These results were supported by Þeld cage trials where monarchs given a choice between V. nigrum and A. syriaca laid 24.5% of their eggs on V. nigrum. In surveys of three pasture Þelds in Rhode Island where relative coverage of A. syriaca exceeded that of V. nigrum by a 0.77:0.23 ratio, 15.4% of monarch eggs were found on V. nigrum plants. In V. nigrum stands with very little A. syriaca (6.25 stems/ha), monarch egg density on V. nigrum was found to be over Þve times greater than in the three mixed pasture Þelds. In none of our laboratory or Þeld evaluations was there any survival of monarch larvae on Vincetoxicum species. It seems that in Rhode Island, Vincetoxicum species serve as an oviposition sink for monarch butterßies. These Þndings suggest that East Coast butterßies may differ in host selection from those in central New York and southern Ontario, Canada.
The arrival and spread of non-native plant speciesÑ well known for causing weed problems in agriculture and adversely impacting other managed and unmanaged landscapesÑalso presents opportunities and problems for insect species native to the invaded areas. In some cases, native insects adapt and readily reproduce on this new host. Examples include the checkerspot butterßy Euphydryas phaeton Drury adapting to Plantago lanceolata L. (Bowers et al. 1992) , the Colorado potato beetle Leptinotarsa decemlineata (Say) adapting to Solanum tuberosum L. (Casagrande 1984) , the soapberry bug Jadera hematoloma HerrichSchaeffer adapting to Koelreuteria spp. (Carroll and Dingle 1996) , and the western anise swallowtail butterßy Papilio zelicaon Lucas adapting to Foeniculum vulgare P. Mill. (Thompson 1993) .
In other cases, exotic plants can act as a sinkÑ stimulating oviposition on plants unsuitable for larval developmentÑas with the native North American butterßy Pieris napi oleracea Harris on exotic garlic mustard Alliaria petiolata (Bieb.) Cavara and Grande (Chew 1981 ) and the native North American milfoil weevil, Euhrychiopsis lecontei Dietz, on the exotic Myriophyllum aquaticum (Vellozo) (Solarz and Newman 2001) . It is possible that, through time, these native insects will successfully adapt to these exotic plants (Singer et al. 1993 , Thompson 1998 , Cox 2004 ). In the interim, these plants serve as evolutionary traps (Schlapfer et al. 2005 ) whereby long-evolved stimuliÐ response relationships are disrupted as a result of rapid anthropogenic environmental change. Haribal and Renwick (1998) showed that, in laboratory experiments, the native North American monarch butterßy Danaus plexippus L. oviposits on sponges treated with volatile extracts from the nonhost plant black swallowwort Vincetoxicum nigrum L. Moench. They suggest that this behavior "may represent a threat to natural populations of monarch butterßies" as this non-native plant and its exotic congener V. rossicum (Kleopow) Barbar. increase in distribution and abundance in North America.
The monarch butterßy is known for its seasonal migration from overwintering sites in California and Mexico to summer sites throughout the United States and southern Canada (Brower 1995) . Asclepias syriaca L. (common milkweed), the most abundant milkweed in North America, is the major host of the monarch butterßy in its summer range (Malcolm et al. 1993) . Monarch butterßies oviposit on 33 North American species of Asclepias and six other families of plants (Mattila and Otis 2003) . Honeyvine milkweed Cynanchum laeve (Michaux), closely related to the swallow-worts, serves as an important monarch host (Bartholomew and Yeargan 2001) .
There are two swallow-wort species widely distributed in the United States. Vincetoxicum nigrum (synonym ϭ Cynanchum louiseae L.) is found from Maine through Kansas and in California (Tewksbury et al. 2002) . This European perennial herbaceous vine is commonly found in disturbed areas, pastures, roadsides, and forest understories in its introduced range (DiTommaso et al. 2005) . Pale swallow-wort V. rossicum [synonym ϭ Cynanchum rossicum (Klepow) Borhidi] is also commonly known as dog-strangler vine. Vincetoxicum rossicum, native to the Ukraine and eastern Russia, has a growth pattern and habitat preference similar to V. nigrum, and a discontinuous distribution that extends from the Great Lakes through New England and the Mid-Atlantic States (Tewksbury et al. 2002 , DiTommaso et al. 2005 . Both Vincetoxicum species are considered highly invasive in North America where they outcompete and displace native plant species, including milkweeds (Haribal and Renwick 1998, DiTommaso and Losey 2003) . The earliest record of V. nigrum in the United States is from Massachusetts in 1854, and V. rossicum was recorded in New York in 1897 (Sheeley and Raynal 1996) . The monarch butterßy apparently evolved in the tropics (Haribal and Renwick 1998) and moved into the eastern and northeastern United States along with its Asclepias host plants only after the deforestation of this region by European settlers (Brower 1995) . Thus, monarch butterßies have been exposed to Vincetoxicum in the northeast for roughly 100 Ð150 yr. Mattila and Otis (2003) reported observing monarch oviposition on V. rossicum in the Þeld and also measured monarch oviposition in laboratory cages on V. rossicum and A. syriaca under choice and no-choice conditions. They found a highly signiÞcant preference for A. syriaca, but 0.4 and 0.9% of eggs were laid on V. rossicum in choice and no-choice tests, respectively. All Þrst instars on V. rossicum died. DiTommaso and Losey (2003) presented monarch butterßies with a choice of V. rossicum, V. nigrum, and A. syriaca in laboratory cages and found no oviposition on either swallow-wort species, whereas milkweed received 67 eggs per plant.
It is clear that after over a century of exposure to V. rossicum and V. nigrum, monarch butterßies show a high preference for milkweed, but they at least occasionally oviposit on Vincetoxicum species. After the study of Haribal and Renwick (1998) and before (and in marked contrast to) subsequent publications on this issue, we observed monarch oviposition on V. nigrum to be fairly common in southern Rhode Island. We report the results of laboratory and Þeld cage studies as well as Þeld measurements that quantify monarch oviposition on nonhost V. nigrum.
Materials and Methods
Laboratory Rearing. Monarch butterßies were reared in the University of Rhode Island Insect Biological Control laboratory from eggs collected each season in early July from A. syriaca in Þelds throughout southern Rhode Island. Several subsequent generations were reared each year from eggs laid on A. syriaca in the laboratory in a 60 by 90 by 90-cm-high oviposition cage, and the colonies were terminated each fall. A. syriaca leaves with eggs were held in 30 by 20 by 10-cm-high plastic containers through eclosion and completion of the Þrst instar. Second instars were transferred to 30 by 20 by 20-cm-high screen cages until they molted. Fourth and Þfth instars were reared in 47 by 47 ϫ9-cm-high screen cages as described by Munger (1973) , and pupae were collected and attached to storage racks as described by Munger and Harriss (1970) and Munger (1973) . All stages of larvae were fed excised leaves of A. syriaca collected in nearby Þelds in Kingston, RI. Emerged adults were transferred to a 60 by 90 by 90-cm-high mating cage where they remained for 1 wk before testing. Adults in all cages were provided with cotton wicks and sponges soaked with 10% honey water solution and hung inside at the top of the cages. All rearing and subsequent experimentation was completed in front of a large laboratory window or on adjacent shelves with supplemental full spectrum ßuorescent lights (GE daylight F48T12.D.1500 bulbs) situated 15 cm above the cage with a 16:8 L:D photoperiod. Room temperature was maintained at 25ЊC, and a humidiÞer was used to keep relative humidity Ͼ60%.
Vincetoxicum nigrum and A. syriaca plants were collected in Kingston, RI, and V. rossicum was collected at Bluff Point State Park in Connecticut. These plants used in experiments were Þeld-collected in July 2000 and 2002 and were transplanted into 15-cm plastic pots with SunGro (Sunshine 910, SunGro Horticulture, Bellevue, WA) potting medium and grown in a greenhouse under a 16:8 photoperiod supplemented with high-intensity sodium vapor lamps (Sylvania metalarc M58 R, M/250U bulbs, Sylvania, Hicksville, NY). Each pot had one to two stems averaging 30.5 cm tall when used in testing. Pesticide-free Oriental lilies (Lilium spp.ÑOriental hybrids) and green beans (Phaseolus vulgaris L.) were grown in the greenhouse under similar conditions and used as control plants in the experiments.
Laboratory Oviposition Experiments. Laboratory oviposition experiments in 2000 were conducted between 20 July and 8 August in cages identical to those used for mating and maintained under similar conditions. Choice tests (n ϭ 6) used two A. syriaca and V. nigrum plants per cage. No-choice tests used four plants of either A. syriaca (n ϭ 3) or V. nigrum (n ϭ 3; Table 1 ). We also provided a pot of Oriental lilies and a pot of green beans in every cage as controls to conÞrm that monarchs would not oviposit on unrelated and unsuitable plants as a result of our experimental setup. Two female butterßies and two males were removed from the mating cage and placed in each cage for 24 h, and plants were removed from the cage, eggs were counted, and cages were restocked with new plants and new butterßies. Males were included in all our behavior experiments as in Haribal and Renwick (1998) . Eggs laid on V. nigrum were placed in separate cages on their host plants and held in the rearing room under conditions described and observed daily for larval development and survival.
In 2002, the experiment was repeated with the addition of V. rossicum using Oriental lily as the control. Choice and no-choice tests were conducted between 25 July and 7 August in 46 by 46 by 46-cm screen cages with four plants in each cage, and each test was repeated six times (treatments and results summarized in Table 2 ). As in 2000, two male and two female butterßies were placed in each cage for 24 h, and butterßies and plants were removed from the cage, eggs were counted, and cages were restocked with new plants and new butterßies. Eggs laid on V. nigrum and V. rossicum were held to observe larval development as in 2000. For both seasons, oviposition results were analyzed with the Wilcoxon matched-pairs signed-rank test (Siegel 1956 ).
Field Cage Experiment. A 2.1 by 1.5 by 1.5-m screen cage was set up at the Agronomy Research Farm at the University of Rhode Island on 30 August 2000 over mowed grass. One half of the cage was entirely covered with a 50% shade cloth to provide shelter and shade. Into this cage we released 10 female and 10 male monarch butterßies from the laboratory mating cage. As butterßies died, they were replaced with mated adults of the same sex for the 30-d duration of the test. The butterßies were provided with 20 potted plants: 10 A. syriaca and 10 V. nigrum placed in alternating order in two rows in the cage. Each pot had one to two stems averaging 30.5 cm tall. Blooming butterßy bush (Buddleia alternifolia Maxim.) was provided as a nectar source at one end of the cage. All plants were watered, and all monarch eggs were counted and removed daily.
Pasture Surveys. We surveyed for monarch butterßy eggs on A. syriaca and V. nigrum in three pasture Þelds in North Kingstown, RI, from 2000 to 2002. Each year, the Þelds were mowed in the spring. Clover (Trifolium spp.) and grasses provided the primary cover in these Þelds. During the surveys, A. syriaca and V. nigrum plants averaging 20 Ð50 cm in height were distributed throughout the three Þelds providing 3.9 Ð 8.6 and 1.1Ð1.8% coverage, respectively (Table 3 ). In 2000, we haphazardly selected 50 stems of A. syriaca and 100 stems of the much smaller V. nigrum from throughout the 0.4-to 1.2-ha Þelds on each sample date. Eggs found on A. syriaca were left to develop, and those found on V. nigrum were returned to the laboratory for microscopic examination to conÞrm identiÞcation. Fourteen surveys were conducted during August 2000: six at Þeld A, six at Þeld B, and two at Þeld C (which was added later in the study).
In 2001 and 2002, we surveyed the same three pasture Þelds. In each pasture, Þve parallel transects, 77 m in length, were established 20 m apart. Along each transect 20 1-m 2 plots were placed 3 m apart. A total of 100 1-m 2 plots were examined per pasture. All A. syriaca and V. nigrum stems within the plots were counted and checked for monarch eggs. Stem density and egg density were determined for each plant species. In 2002, percent coverage was visually estimated in each plot, and relative coverage was calculated as the ratio for these two species. Surveys were taken after at least three warm (25Ð30ЊC) and sunny days in a row to ensure that butterßies had favorable ovipo- In 2002 laboratory tests, monarch butterßies showed a signiÞcant oviposition preference for A. syriaca over both V. nigrum and V. rossicum (n ϭ 6, P Ͻ 0.05 Wilcoxon matched-pairs signed-ranks test). When placed with A. syriaca, 13.1% of all eggs were laid on V. nigrum and 7.9% on V. rossicum (Table 2) . There was no signiÞcant oviposition preference between the two Vincetoxicum species. In the 2002 no-choice test, the butterßies laid 12.6% as many eggs on V. nigrum and 11.2% on V. rossicum relative to A. syriaca. No eggs were laid on the control plants. In this experiment where monarchs had equal exposure to all host plants, the total number of eggs found on each species was as follows: A. syriaca ϭ 3,489 (77%), V. rossicum ϭ 491 (11%), and V. nigrum ϭ 540 (12%). Eggs laid on V. nigrum and V. rossicum hatched, but all larvae died within a few days as Þrst instars.
Field Cage Experiment. The outdoor Þeld cage test gave results similar to the laboratory tests. During the 30 d of observations, monarchs laid more eggs on A. syriaca than on V. nigrum on 27 d. Of the 388 eggs laid during the experiment, 24.5% were laid on V. nigrum.
Pasture Surveys. In the 2000 Þeld survey, we found no intact eggs on V. nigrum, although monarch eggshells were found on the leaves. Adjacent to each empty eggshell was a small feeding site. A total of 43 intact monarch eggs were found on the 700 A. syriaca stems sampled in this survey along with 7 eggshells on 1,400 stems of V. nigrum.
In the Þeld surveys of 2001, both intact eggs and eggshells were found on V. nigrum. A total of eight intact eggs and six empty eggshells were found on 929 stems of V. nigrum. The intact eggs accounted for 15.3% of all intact eggs found. A total of 44 intact eggs were found on 438 A. syriaca stems (Table 3) .
In 2002, we found no monarch eggs on 931 V. nigrum stems and seven eggs on 634 stems of A. syriaca (Table  3 ). The egg density on A. syriaca was only 15.9% of that recorded in 2001, and we saw very few monarch butterßies in 2002. In all Þelds in both years, average stem density of V. nigrum was higher than A. syriaca. However, because of the larger stems and leaves, A. syriaca exhibited greater coverage, ranging from 72 to 85% average plot coverage relative to V. nigrum (Table 3) .
Survey of Swallow-Wort Sites. The four surveys of nearly pure V. nigrum stands in 2001 resulted in four monarch eggs and one empty shell on 821 stems of V. nigrum in site 1. Two of these eggs and one shell were found Ϸ8 m from the three stems of A. syriaca. Three eggs were found on A. syriaca stems. In site 2, two monarch eggs were present on 874 stems of V. nigrum. No eggs were found on the four A. syriaca plants. Two monarch eggshells were found on 894 stems of V. nigrum in site 3. Thirteen eggs and one shell were found on the 10 A. syriaca plants present. In site 4, Þve eggs were discovered on 504 stems of V. nigrum and two eggs on the three stems of A. syriaca.
Discussion
Our laboratory results are consistent with those of Mattila and Otis (2003) and DiTommaso and Losey (2003) indicating that monarch butterßies have a signiÞcant oviposition preference for A. syriaca over V. nigrum and V. rossicum, and there is no signiÞcant oviposition preference between Vincetoxicum species. However, we found far more oviposition on Vincetoxicum species than previously published. In laboratory cage studies that were roughly comparable with ours, Mattila and Otis (2003) found that only 0.4% of monarch eggs were laid on V. rossicum in choice tests, and DiTommaso and Losey (2003) found no oviposition at all on either V. nigrum or V. rossicum. In contrast, we found 10.5Ð21.7% oviposition on Vincetoxicum species relative to A. syriaca in choice tests and 11.9 Ð20.3% in no-choice tests in 2 yr of laboratory testing. Field cage studies and Þeld surveys also supported our laboratory Þndings.
It is difÞcult to reconcile differences among these results. Studying the behavior of large active insects in the laboratory may produce misleading results, but all three studies used cages of relatively similar size (0.5, 0.6, and 0.9 m) and plants of similar size that were grown under similar conditions (except that ours were held in the greenhouse). DiTommaso and Losey (2003) even used V. nigrum plants originating from our collection so, for at least this plant species, the differences in experimental Þndings may be caused by butterßy behavior or the experimental protocol.
One difference was the source of butterßies used in the experiments. We Þeld-collected our stock each season in southern Rhode Island as eggs and reared them on A. syriaca in the laboratory. Mattila and Otis (2003) Compared with the laboratory tests, the walk-in Þeld cages we used in 2000 offer a more realistic (but still limiting) experimental arena. Here, we found results that generally validated our laboratory tests. Monarchs again showed a preference for A. syriaca, but they laid 24.5% of their eggs on V. nigrum. Direct Þeld observations are the best indicators of monarch behavior. There is little question that they occasionally oviposit on V. rossicum and V. nigrum. Mattila and Otis (2003) of the preferred host, we found a high density of monarch eggs on milkweed (0.9/stem) versus the 0.1/ stem in the three Þelds where milkweed was common. Monarchs readily oviposit on V. nigrum in these Þelds with little milkweed. The 11 eggs found in 80 m 2 represented 5.1 times the egg density found on V. nigrum in Þelds with relatively abundant milkweed. These results are consistent with those of Bartholomew and Yeargan (2001) , who found monarchs to prefer A. syriaca to honeyvine milkweed Cynanchum laeve (Michaux), but they readily oviposit on this host in areas where it is more common than A. syriaca.
It is clear that, at least in southern Rhode Island, monarch butterßies oviposit on Vincetoxicum species, and they lay a higher proportion of eggs on these dead-end hosts when A. syriaca plants are relatively rare. To date, there is no evidence that monarchs are evolving an ability to survive on these exotic plants. Rather, Vincetoxicum species seem to be functioning as evolutionary traps (Schlapfer et al. 2005) . Because no larvae survived from eggs laid on Vincetoxicum, there should be selection pressure against those adults making this oviposition "mistake." However, after over a century of exposure to these exotic plants, this behavior persists. This behavioral trait may be related to the fact that Cynanchum laeve serves as an important host for monarch butterßies in parts of the southeastern United States (Yeargan and Allard 2005) . Vincetoxicum and Cynanchum are closely related genera, possibly sharing ovipositional stimulants for monarch butterßies. Successful reproduction on C. laeve may offset selective effects of oviposition on Vincetoxicum species.
As V. nigrum and V. rossicum continue to spread aggressively throughout the northeast, they are replacing native plants, including milkweed species. This direct loss of host material, combined with increasing prevalence of the nonhost Vincetoxicum species, will add to the other pressures on monarch populations including predation, parasitism, adverse climatic events, diseases, and loss of overwintering sites (Dempster 1984 , Brower 1995 .
